WO 03/ 046109 PCT/ AU02/ 01609 1 SO L BASED MATERI AL AND METHOD FOR PRODUCI NG
SAME This invention relates to the |oad bearing qualities of soil and soil
based nawermakap9 i ncl udi ng the behavi our of soil and soi lpCragadom@mberi al s
when subjected to inpact |oading. The invention is particularly concerned
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having a compoxitreaf $and and erganics; Rywayaf 9@@9?90 a particular use of the
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use, and as a consequence the surface no longer satisfies the required
20 performance standards. Another common problem is inadequate drainage,
which also leads to a reduction in performance.

It is an object of the present invention to provide a soil based material
that at least alleviates the aforementioned problems. It is yet another object of
the invention to provide a soil based material having a composition that can be

25  varied to suit a particular use of the material, or a particular circumstance of use
of the material. Still another object of the invention is to provide a method of
producing a material of the foregoing kind. Yet another object of the invention is
to provide a method of maintaining the surface of material of the foregoing kind
éo as 1o maximise the performance of that surface when in use. An object of

30 the invention in a preferred form is to provide a soil based material that
promotes growth of grass or other vegetation by retention of nutrients and other
fertilisers, air and water, whilst at the same time promoting good drainage of

excess water.



WO 03/ 046109 PCT/ AU02/ 01609 2 A soil based material according to the
present invention is characterised in that it is conposed of or includes a
soi | nat rwR oatdb1d® bres scattered throughout that matrix. PCRAUGRNMI®S nay be
synthetic fibres (eg., fibreglass), or naturally occurring fibres such as
animal, plant, or vegetable fibres, orpa mxture of 5 synthetic fibres and
natural |y occurring fibres. In the case of synthetic fibres, they nmay be
nmono fibres or fA &oil baaedameﬁebaleagcoodmg taitixe preseytt invendionnd charaaterisaded
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grass is ”%r@é}}% J{{}feﬁé&hbr%a&ﬁﬁeﬁtat erial. Shorter fi bres (eg 19m1)
referre

are usually grass is grown on the soil based naterial, I n
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greater, could be enployed. Fibrillated fibres in the size range 700 to

1000 deni erstigdchedlateralily.c ddwi iaiIthg flat ribbon includes a number of interconnected
strands arranged so that when the fibre is stretched laterally the strands form an

20 open mesh structure similar to that of expanded metal.

The fibres can be of any length and cross-sectional size to suit particular
circumstances of use. By way of example, in one application of the present
invention mono-fibres approximately 38mm long and having a cross-sectional
size equivalent to 8 denier or thereabouts have been used successfully. In

25 another application, 8 denier mono-fibres approximately 19mm in length have
been used successfully. Longer fibres (eg., 38mm) are usually preferred if
grass is not grown on the soil based material. Shorter fibres (eg., 19mm) are
usually preferred if grass is grown on the soil based material, in this regard
fibres having a length in the range of between 15mm to 20mm inclusive are

30 particularly preferred. The length and/or cross-sectional size may vary
however, to suit different applications and/or different circumstances of use of
the material. Fibres having a length of 50mm, or greater, could be employed.
Fibrillated fibres in the size range 700 to 1000 denier have been successfully
employed, but fibres outside of that size range may be satisfactory. Once again



enpl oyed, but fibres outside of that size range may be satisfactory. Once
again WO 03/046109 PCT/ AU02/ 01609 3 different applications and/or

di f f er entwoioBowi8e ances of use can be a determ ning fact®CI/AT/osioability
of a fibre is an exponential function of its length. By way of exanple, if
the length of one fibre is half that gf another fibre, the stability of the
5 first nentioned fibre may be as |ittle as one tenth, or even one
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not provi delestrogtativi craargedntontheriilges s (Haartheyawm}ee)a h!a&:rabteﬁderneyassi sts
in bonding the 25 sand granules or other soil particles. For so
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ddi t t
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as sawdust, wood chips, bark pulp, or potting mix (to name a few examples
only), dispersed throughout. Such a mixture may be adopted whether or not the
20 soil based material is intended to provide a growing medium for grass, for
example. In either case, the purpose is to retain moisture within the soil based
material. If the material provides a growing medium for grass (for example) the
moisture assists in growing the grass. If the material does not provide a
growing medium for grass (for example) the moisture assists in bonding the
25 sand granules or other soil particles.

For some applications of the soil based material, that material may also
include an additive in the form of particles of a resilient material (eg., foamed
polyethylene) scattered throughout the soil matrix. It is preferred that there is a
substantially regular dispersion of the particles throughout the matrix. Such an

30 additive is beneficial in circumstances where the soil based material is to be
used as the surface, or as a surface layer, of an area that will be subjected to
scattered impact loads. By way of example, such impact loading is
encountered in sports fields and sports tracks, and is also encountered in farm

tracks, animal holding yards, calving paddocks and animal drinking or feeding



encountered in sports fields and sports tracks, and is also encountered in
farm tracks, aninmal hol ding yards, calving paddocks and ani mal drinking or
f eedi ng WOOO308A6909 PCT/ AU02/ 01609 4 areas. It is usual IPgTpnpetaoed t hat
the material of which the resilient particles are fornmed is selected so as
to have a high rate of recovery when distorted, and a |ow propensity to
collapse. It will be convenient to hereinafter describe the invention in
greater deimias. IBishysuatil prefecedtihabtie material ef wbish thatriesitienf particles@reé based

material. It is to be wunderstood however, that the sojl based nmaterial has
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accordi ng ' I [ plication. Figure 1 is a preferred exanple
enbodi mantltog{‘ blioﬁghglrgfwgglsaggghat erial in 10 diagrammatic form Figure 2 is

a preferred enblbdiilirbetcomveniemika hestinafterdesatibe 2ha irarantion inligeeatandetailc

f Fi 3 ill ferred, | Tpodi f n Xi
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illustrates In granmatic formone pre errecs enbodi ment "0

appar at us fhat theodompugitipar tdf cthes . matiegiak endy i ary peegrdingedo eithddiendad of a
bl ade fromthe ?Baarat us showmm 20 in Figure 5. Figure 7 is a cross-section
in di agr an®@P¥@UPBr m of the apparatus from Figure 5. Figure 8 is a

detailed view O?whli’@]%@ﬁreffér%ﬂ Ekéipfe dmbbbiRHERSofthaRéil basad endteaAERr ed
enbodi ments of the sieve i1n plan from 25 Figure 7.. Figure 11 illustrates

i n di alfy andiagramfmaticiforre. possi bl e arrangement of a drai nage systemfor use

i th th I based ol i : : . : .
{11 ust rat oo i IOMLR dries Grerad SrifediterS ot il staed BN gt ing
i |1 ustrat egidgparfiivdicaerml i c forma nulti-series arrangement for 30 tread

patterns illustrated in Figure 12. Figure 14 illustrates a preferred
embodi ment of t Figuip Gdlustiaies arprefgrediexample embodiment of a mixing machine

in diagrammatic form.
15 Figure 4 is an example preferred embodiment of the surface of the roller
in diagrammatic form.
Figure 5 illustrates in diagrammatic form one preferred embodiment of
mulching apparatus for producing particles.
Figure 6 is a preferred embodiment of a blade from the apparatus shown
20 in Figure 5.
Figure 7 is a cross-section in diagrammatic form of the apparatus from
Figure 5.
Figure 8 is a detailed view of the sieve from Figure 7.
Figures 9 and 10 are preferred embodiments of the sieve in plan from
25 Figure 7.
Figure 11 illustrates in diagrammatic form one possible arrangement of a
drainage system for use with the soil based material illustrated in Figure 1.
Figure 12 illustrates in diagrammatic form a preferred tread pattern.
Figure 13 illustrates in diagrammatic form a multi-series arrangement for
30 tread patterns illustrated in Figure 12.
Figure 14 illustrates a preferred embodiment of the apparatus for laying
the soil based material.
Figure 15 illustrates a manifold separating the separation means from the
mixing chamber.



the soil based material. Figure 15 illustrates a manifold separating the
separation nmeans fromthe mxing chamber. WO 03/046109 PCT/ AU02/01609 5
Fi gure lewploBistipat es in diagranmmatic forma preferred enPodiat®pnicod a

hei ght adjusting nmeans. Figure 17 illustrates a preferred enbodi ment of the
storage neans. Figure 18 illustrates a preferred enbodi ment of soil m xing
discs. 5 Figure 19 illustrates an alternate preferred enbodi nent of the

apparatus for |kBigurey16hillusitdtes thasiagraameatiarormFagreteraal embodimentesf an
di agrammat i & . referred enbodi nrent of the feed auger and separation
means. Fig 4 8{1&;’]@3% tric viewin diagrammatic formof an alternate
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sectional view of the alternate form of apparatus for producing particles

from Fi gure 21. kgurei8iustraigsea preferredsonbodienesd ofraoibmixing discsn f or mi ng

the runpin sur . . S fQr se races or simlar events. The
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only one offor k8Ni®] the solbissbidtembteridnat may be used for that purpose. The
runni ng surface of a race track incorporating an enbodi ment of the

i nventi on nay beigBrgde dlushatasin dagiammaliajernsa praferrasl %mbﬁ?imerﬁm‘imhei n20
Figure 1 of; raw r hree layers - a surface layer 1, an
i nt er medi atfgé?%@re?%a%%gtagﬁ[)@s@e g%l'er 3. Each layer nmay have a thickness,

sel ected to sui tFighe Phis anusehetic iewsh alisganthatics fornbot ah AlefiRtE XM e
that h per f or med ' ractice each layer is approximtely 50 mm

S Il 1n
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organi ¢ mat eri al VU &aRpleise ok the sed hased materali is dp) formigpinec BNNIRG  and
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t hat one cubic netre of the soi eg., san nd organic nateri

conposilbe iembodiserpplr the rivvatiprohereinafterc described in detail is only one of
several embodiments that may be used for that purpose.

The running surface of a race track incorporating an embodiment of the
invention may be composed of two or more layers. In the example shown in
Figure 1 of the drawings there are three layers — a surface layer 1, an

20 intermediate layer 2, and a base layer 3. Each layer may have a thickness.
selected to suit the particular circumstances of use, but in one example that has
performed well in practice each layer is approximately 50 mm thick.

The upper layer 1 includes a soil matrix 4 and a substantially regular
dispersion of fibres 5 within that matrix. If the layer 1 is intended to provide a

25 growing medium for grass (for example), the soil based material may also
include organic material as hereinbefore described distributed substantially
regularly throughout the matrix. The amount of organic material used can be
selected to suit particular applications and circumstances of use. In the
example hereinafter described it is preferred that one cubic metre of the soil

30 (eg., sand) and organic material composite includes approximately 0.04 cubic
metres of the organic material.

It is also preferred that, in at least some embodiments of the invention, a
wetting agent is applied to the sand so as to promote retention of moisture
within the soil matrix. [If desired, a tackifying agent may be included with the



metres of the organic material. It is also preferred that, in at |east sone
enbodi nents of the invention, a wetting agent is applied to the sand so as
to pronotworenendd on of noisture wthin the soil matrix. PC/A®gI®, a
tacki fying agent may be included with the WO 03/046109 PCT/ AU02/ 01609 6
wetting agent so that a noisture retaiging crust is provided over the sand
granul es. Any suitable nethod may be enpl oyed in producing the surface
layer 1. malfing @gent t4mthatagemolstiereu teigining amist rsapeovided aveprtbei sard y
descri bed, and & 5 substantially honbgeneous m xture of the soil matrix 4
and the oré’a?'PLg Traterial is preferably produced before adding the fibres 5.
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i agr amat Hy. Repaess offherBRPCRYER' hohsRer, ha Sulfics o fi8 TiHER 4

speci fi cat nmyb&nmnstetoa)rotrianete*tanmn afmdmrestsa@ethatstuefacenvol ving use of
at least two Dbl owers and a final stage bl ower 8.
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are preferably used in the initial stages
blower/impeller system which is arranged to encourage separation of individual

fibres. An example system of that kind is illustrated in diagrammatic form by
20  Figure 2 of the drawings accompanying this specification.

Figure 2 illustrates a multi-stage system involving use of at least two
blowers — a first stage blower 7 and a final stage blower 8. It is preferred, as
shown, that at least one intermediate stage blower 9 is positioned between the
first and final stage blowers 7 and 8. Figure 2 shows three intermediate stage

25 blowers 9, but the number could be less or greater according to requirements.
As shown, it is also preferred that the final stage blower 8 is of larger capacity
than each of the preceding blowers 7 and 9. Each of the blowers 7 and 9 may
be of substantially the same capacity, but that is not essential.

Relatively small blowers 7 and 9 are preferably used in the initial stages

30 so that a relatively small volume of fibres 5 is treated during passage through
each of those blowers 7 and 9. That is intended to enable maximum separation
of individual fibres. A larger final stage blower 8 is considered desirable to
maintain, and possibly improve, the separation achieved within the preceding
blowers 7 and 9. In the arrangement shown, the final stage blower 8 directs the



30 so that a relatively small volune of fibres 5 is treated during passage
t hrough each of those blowers 7 and 9. That is intended to enabl e maxi num
separ at i oWO 0af04d41pdi vi dual fibres. A larger final stage bl GGEFAB2/0809
considered desirable to maintain, and possibly inprove, the separation
achieved within the preceding blowers 7 and 9. In the arrangenent shown,
the final stage blower 8 directs the WO 03/046109 PCT/ AU02/ 01609 7
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relatively high_electrostatjc charge. On the other hand, finer fibres of
| ess than 8 denilBf BYPOSE Qgtthgfg@gHP?WCeaﬁrS9e@. 16338t g gppagation
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matrix 4 through a delivery duct system 12. A duct systém 12 of
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containers (not shown) or to a conpartnent of a sSpreadi ng device (not
shown) . | nmovemandof the fbresyst em 12
It has been found that relatively fine fibres (eg., 8 denier or more) tend to
20 retain a relatively high electrostatic charge. On the other hand, finer fibres of
less than 8 denier can be satisfactorily employed.
Fibres 5 may be extracted from the chamber 10 and delivered to the
surface of the soil matrix 4 through a delivery duct system 12. A duct system 12
of substantial length may assist in enabling convenient handling of material. By
25 way of example, ducting 40 to 50 metres in length has been used successfully.
Alternative to delivering the fibres 5 direct to the soil matrix 4, the system 12
may deliver the fibres 5 to individual storage containers (not shown) or to a
compariment of a spreading device (not shown). In any event, the system 12
may be arranged to maintain or reinforce the electrostatically charged state of
30 the fibres 5.
The fibres 5 could be a mixture of different fibres. By way of example, a
substantially 50/50 mixture of mono-fibres and fibrillated fibres has been found
to be particularly satisfactory in some applications. The mono-fibres provide a
hair-like structure and function as a binding agent within the soil matrix. The



may be arranged to maintain or reinforce the electrostatically charged
state of 30 the fibres 5. The fibres 5 could be a m xture of different
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is preferred that appropriate measures are taken to ensure that the quantity of

20 fibres 5 deposited per unit area of the soil matrix surface is substantially
consistent. By way of example, the soil matrix surface may be divided into a
number of sections.of a substantially equal size by way of a grid pattern, and a
measured quantity of fibre 5 may be deposited on each of those sections.

In an alternative arrangement, a spreading device may be moved over

25 the surface of the soil matrix 4 at a predetermined speed, and operated to
deposit fibres onto that surface at a predetermined rate of deposition. The
speed of travel of the spreading device may be related to the rate of fibre
deposition so as to achieve the desired spread of fibres 5 per unit area of the
surface. Other techniques could be adopted to achieve the same resuilt.

30 The deposited fibres 5 can be mixed with the soil matrix 4 by any suitable
process, including manual or machine aided processes. In one example
method a rotary disc hoe or similar machine, is employed to mix the fibres 5 into
the soil matrix 4.



deposition so as to achieve the desired spread of fibres 5 per unit area of
the surface. Other techniques could be adopted to achieve the sane result.
30 The dewosBwedodi bres 5 can be m xed with the soil matriPKTAUY0H0Y
suitable process, including manual or machi ne ai ded processes. In one
exanple nethod a rotary disc hoe or gimlar machine, is enployed to mx
the fibres 5 into the soil matrix 4. WO 03/046109 PCT/ AU0O2/ 01609 9 Figure
3 illustrates iPRigdreagridugtaiies i diagrammetierfpim an exarppleaiing mgChindi8h may
be tractor drawn or otherw se noved across the fibre C%Eted sur.f ac 14 of
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exanmpl & ar?'&%@ﬂ‘éﬁ?}@l’@%ﬁ,tﬂ? ﬁgeeﬁ'%gf V@Helcﬁf?h‘? Gf%ﬁh'%@f emﬁed'ﬁf:%éé A8 s
such t hat | We: | ' ii nd
deposi 1t ha1a"ged 14 peSylnES i sHFRRHA pard iy MBRPRs thefdiiine 1927 1o
into a furmowesrovdethecsgiane 14 br ibetedniyle emangemant shoding e disection afs

ferred th R bl i s, ind t. i
Bnd i 5 arr iataten obltecuber 45 el AL LRy 4T g LR S, aRTPAD M SRR |
level condjyd &), aﬁaxq@\k)b;bﬁ%%s% filses &y @a& B r Q¢ Jf e 5BAEs BHARES 85

including a roller g a snooth cylindrical suiface. According to one
exanpl H) t ko aFuogwi ardleprassienriBareaied hyhtherrotating digcs $5f ormed by a series

of intersecting,bars qr riphs,18 arran f pen: ure as
illustrated dialr B Piseraf) @1&’% A *E?"d&r 'g’?%t?‘h%mé&i"{fpbgj?l% ﬁﬁ@ﬂij&;ﬂé& Hfbung a
shield or gRichihd 18 @nbds sFfdndetiubeesiote thesiivhden 413 sssubattiagiflat @aaanot
pass through the nmesh openings 19 to the interior of the roller 17. 20

Thor ough nieviehgouditieme Anytsiuitable roHer $6imayke pprd 4ot purpase; Beludingaa
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above in relation to the surface layer 1. It also, 25 @'era% i'najl udes
resilient phslBaEaNgay ¢ formiasuereN-Mashiugisiireraillugiratededingramimatically

ocason | o PR, 2snpaere nEl-oheRs oty BRI MRngaRATe
particl es 20the eoller 17 so that soil cannot pass through the mesh openings 19 to the
interior of the roller 17.

20 Thorough mixing of the fibres 5 and soil matrix 4 may be achieved in a
single pass of the machine 13. In some applications however, a greater
number of passes (eg., 10 or more) may be required.

The intermediate layer 2 preferably includes a soil matrix 4 and
dispersed fibres 5 as described above in relation to the surface layer 1. It also

25 preferably includes resilient particles 20 distributed throughout the soil matrix 4
in a substantially regular manner. The resilient particles 20 may also be located
in the upper layer 1 however this is not essential. The resilient particles 20 are
preferably added to the soil matrix 4 prior to or simultaneous with addition of the
fibres 5, and any suitable method may be employed to achieve a substantially

30 regular distribution of the particles 20 throughout the mix. By way of example,
the particles may be mixed into the soil matrix 4 by a technique the same as or
similar to the technique used to mix the fibre with the soil.

The particles 20 may be formed of foamed polyethylene (open or closed

cell) or any other suitable material. According to one method, the particles are



preferably added to the soil matrix 4 prior to or sinultaneous with
addition of the fibres 5 and any suitable nethod may be enpl oyed to
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shown, the discs 21 are arranged i‘g axi ally spaced rel ationship. The
nunber of HpeEH a cutting teehi@ys ISsMel yg‘gaci ng, may be selected to suit

requi rement's.  AcgrolPs Gusifibd o BlaSfiic forft, 04he pd i aBRBRRNtdM0

adj acent di scs and 1 arrrangenent shown ea e 23 I n each
group 15 r ptauelrigytheopatiietbso20.a In tredexaniple gpipacatuseaseriesiof diste2iaarevel v,

th i vot shaf 24 | d 1t d h,bl ad 3 d i vot al |
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spacer tubes 25 nounted on The respective pivot shaft 25 24. The tubes 25
function t@lhanhd théie exialdpaghoagaanbe setaciadio suil requiraments. & g@spi ofh of

the shaft %ﬂ'fterq)@%resaéé ?sn%?or(ﬁcﬁ'eté b%%égn Qgcﬁq%t g&'jaggﬁt BQ@L 21, and in the

20 arrangement shown each blade 23 in each group is rotatably mounted on a
respective pivot shaft 24. Alternatively, the pivot shafis 24 could be omitted and
each blade 23 could be pivotally connected to an appropriate one of the discs
21 in any suitable manner. In the particular arrangement shown, each blade 23
is located between two spacer tubes 25 mounted on the respective pivot shaft

25 24. The tubes 25 function to hold the blade 23 against movement in the axial
direction of the shaft 24. Other arrangements could be adopted for that
purpose.

The angular or rotational disposition of each blade 23 as shown by
Figure 5 is not necessarily the position adopted when the discs 21 are at rest.

30 The blade dispositions as shown by Figure 5 have been adopted for
convenience of illustration.

Each pivot shaft 24 is located radially outwards from the rotational axis of
the drive shaft 22, and may extend through each of the discs 21 as shown by
Figure 5. It is preferred that the pivot shafts 24 are arranged in substantially



pur pose. The angul ar or rotational disposition of each bl ade 23 as shown by
Figure 5 is not necessarily the position adopted when the discs 21 are at
rest. 30wOha/okdiede di spositions as shown by Figure 5 havecChedm2adopt ed for
conveni ence of illustration. Each pivot shaft 24 is located radially
outwards fromthe rotational axis of jfthe drive shaft 22, and nmay extend

t hrough each of the discs 21 as shown by Figure 5. It is preferred that
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been successfully enployed in one application of the invention. 5 In the

parti cul arong pppkpateRtofdhewvenfiori gure 5, each cutter blade 23 is sinilar

ised. Each bl adb 8 HBCERE2HRAGE Beat sheGh A5 bUATS 2T b TR B o
the pivot sihlb o 8 biitidshasedoinegrass Mowes| blit otheedgess 8bblades 123 cbuldr
(outer) end. An aquter caorner portion of the blade 23 may be upturned as

shown by 18 HEgds Eash blada 3 has er)endsotaisbiy eunied PR espestivaenediposed

d ft : | |
o ovi ded a7 Sri P S 2Roahd MsThe B hdrd g Fles 58 ARETIRE, ey .
ogt e[ 80[ térmn ?ﬁn boterbterder p@'rtftm teﬂgte B&deczaem?yalbﬁaugmmid a;scshdwh lbgt s 20
adopte o_Sul reguil renents. n e arr nt shown, Sshnhe or QCKS
(i Gurtd 7)FgHre, 61 yACHYInGraIde, 20 ray be RInges 2l sedh Preesahedanphiatus so
2 Lo, ent QipirddBRARM 2708R HnndObMRrlg GIRSRs sy SeS6iovibanaing 1T een

31. The d e treatnent zone ca selected to suit requfrenents.
| n one appditeerne outerf eddecof thedniadend3 1 dred aldeEidng &intduterzoortionn of the lelatlect ed
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and is -thereby reduced to particles 20, which pass through ‘openings 32 in
t he sckeen(farlexampla)earer feshiptordhe appavaiubyscragupesnter antreaimeriezane 86n 31

[inet e i FAtEs BEHEsEE LGRSt Ty iR od o,
may be | ocgdreder SeTBER to suit requirements. In one application of the invention the
depth of the zone 30 is selected so that the distance “D” between the tip of a
blade 23 and the screen 31 (see Figure 8) is in the range 2.5 to 3mm. A sheet
20 or block 29 located within or approaching the zone 30 is exposed to impact by
the blades 23 and is thereby reduced to particles 20, which pass through
openings 32 in the screen 31.
In the arrangement shown by Figures 5 and 7, the screen 31 functions as
a sieve, and also functions as a boundary of the zone 30. Other arrangements
25 could be adopted. By way of example, the screen 31 may be located remote
from the zone 30, and another member could provide the boundary of the zone
30.
The apparatus as shown diagrammatically by Figure 7 includes a
cylindrical hollow housing 33, part of which is formed by the screen 31. The
30 sheets or blocks 29 enter the housing 33 through an inlet opening 34, and are
reduced into patrticle size as described above. As shown, the discs 21 rotate in
the direction in which the sheets or blocks 29 move through the zone 30, and
that may result in the sheets or blocks 29 being drawn too quickly through the
zone 30. In order to counter that effect the speed of movement of the sheets or



fromthe zone 30, and anot her nenber could provide the boundary of the zone
30. The apparatus as shown diagrammatically by Figure 7 includes a

cyl i ndri c&b obo#dioav housi ng 33, part of which is forned byPChaw®ehesn 31

The 30 sheets or blocks 29 enter the housing 33 through an inlet opening
34, and are reduced into particle sizgyas described above. As shown, the
discs 21 rotate in the direction in which the sheets or bl ocks 29 nove
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unabl e t otPpass tHidayigthd SereseBgen 31. It is preferred that the particles
20 are of relatively small size, but neither the size nor the shaFe of the
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particles Abablapee s:ftdveﬂygaw@hxarﬁ@lee@m Raydbecacttieepd dbluse otheseparating
particles that do no i?ass t hrough the screen 31 are not acceptable. The
non- a%epﬁ'&MPeS%} ?ﬁé @ SCrRAN b @Lﬁjfr@éf davice. tlkatigin SP%@égm%shﬂwﬁrder
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form one §| eve openi in the scCree

exanpl e. | pattimlssebkmtrplbm(ﬁr[mm thiwghhhpesauéen eacmeamﬁracngp&ble s The non-
substanti al | ﬁlagon but ther shapes .coul d be adopt.ed. Satlsfactory
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opposite f{h%tm% daScBEptibid Bgeoreni ng 32 is approxi mately 16mm and 20 the
di stance opposite corngrs I's approximately 21 nm O her dinensions could

be used, and t hkiglire Sastumvs)de diagramieaticHermaose fiype obhsibvefopehing 32 deatpai r
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j agged or paetyBpehing B iskR@tAritidng hekadonAANRDIREr SIRAHYS could be adopted.
Satisfactory results have been achieved with openings 32 in which the distance
between opposite flat sides 36 of the opening 32 is approximately 16mm, and

20 the distance opposite comers is approximately 21mm. Other dimensions could
be used, and the distance need not be the same for each of the three pair of
sides 36, or for each of the three pair of corners.

The openings 32 are preferably formed in a manner such that the edges
of each opening 32 are jagged or rough. It has been found that jagged or rough

25 edged openings 32 assist in prbducing particles 20 having rough surfaces,
which as previously stated is a desirable characteristic of the particles 20. The
rough surfaces of the particles 20 assists retention of the particles 20 within the
soil matrix, and also assists formation of a connection between the particles 20
and the root structure of grass and/or other vegetation. The jagged or rough

30 edges of the openings 32 tend to catch the polyethylene sheet or block 29 and
thereby promote tearing of the sheet or block 29 such that the desired rough
surfaces are produced on the particles 20.

The openings 32 may be produced by a punching operation so that each
opening 32 has rough or jagged side edges. Other techniques could be used to



25 edged openings 32 assist in producing particles 20 having rough
surfaces, which as previously stated is a desirable characteristic of the
particl eswP®3/0d3d189 rough surfaces of the particles 20 assPSTsAtVE0Pi on of
the particles 20 within the soil matrix, and al so assists formation of a
connection between the particles 20 @nd the root structure of grass and/or
ot her vegetation. The jagged or rough 30 edges of the openings 32 tend to
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of material 38 having a hole 37 at each of I1ts corners, as also shown b
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separ at ed RyjlchiRPSheahd (34e ibi gﬁuI@hzlﬁe 0§tnp?§§0~°rhét§néhﬁht§ parficleShefdi scs
245 interleaf and overlap,_which is best ustrated in Figure 22. Wil st

the degr eePigdleiaratineg size. (The prEislesam grpasitachinto conduit sysfem 242 and
moved there along by an impeller (not shown) to a storage hopper (not shown).

20 Referring still to Figure 21 the slicer means 240 illustrated includes a
plurality of slicing discs 245 each separated by a boss 243 (see Figure 21) on
opposing shafts 244. The discs 245 interleaf and overlap, which is best
illustrated in Figure 22. Whilst the degree of overlap of the discs 245 shown in
Figure 22 extends to the boss 243, a lesser overlap may also be suitable.

25 Figure 22 illustrates the discs 245 located in a slicing zone 246. A
plurality of fingers 247 extends between the discs 245 to facilitate separation of
the sliced material from the slicing discs 245. The discs 245 preferably rotate in
opposite directions at substantially the same speed. In this regard speeds of
approximately 120 to 160 rpm have been found suitable.

30 Referring still to Figure 22 the sliced material is supplied to the mulching
zone 248 and more specifically presented to a pair of counter rotating mulching
discs 249. Each mulching disc includes a negatively raked tooth to facilitate
mulching the sliced material and also facilitating rais}ng material from a lower

position in the mulching zone to an upper positing in the mulching zone 248.
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produce particl roma eet 297 and which particles have an
appr oxiGrat 240 epigtt 8 rpps mave heearfoapg moat peeferraddt h of 20nm  Such
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al so tends to produce smaller particles, including fines, and those
snmal | er paeppExgsatenterigtheef 25mm and an approximate width of 20mm. Such
particles 20 have been produced using the apparatus of Figure 5, and using a
20 screen having openings 32 as described in relation to Figures 9 and 10. In
such cases the reduction process used to produce the particles 20 also tends to
produce smaller particles, including fines, and those smaller particles and fines
can be usefully employed in this or other applications of the invention.
The dimensions referred to in the preceding paragraph have been found
25 satisfactory in circumstances where the resilient particles 20 are to be used in a
surface layer, or a sub-surface layer, of a race track or the like. Other
dimensions and/or sieve opening shapes could be employed to suit other
applications of the particles, and other circumstances of use. By way of
example, relatively small particles, down to fines, could be used in some
30 applications. In addition, for some applications and/or circumstances of use
there may be a benefit in using a mixture of particles of different sizes. That is,
there may be a mixture of relatively large and relatively small particles, the ratio
of which could be selected to control the amount of rebound energy of the
material containing those particles.
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for collecting and re-using moisture that reaches the base.

20 In circumstances where a clay or other impervious, or semi-impervious,
base is used, appropriate steps may be taken to ensure drainage of excess
water from that base. That may be achieved by providing drainage tubes or
channels within the clay base, and well known techniques can be used for that
purpose. Also, a layer of screenings may be provided over the top of the clay

25 base so as to intervene between that base and the surface layer or layers
overlying the base. By way of example, the screenings may be approximately
7mm in size, and the screening layer may be approximately 70mm thick. Other
dimensions could be selected to suit particular applications and particular
circumstances of use.

30 Figure 11 illustrates, in diagrammatic form, one possible arrangement of
a drainage system for use with a clay or other impervious base 40. The system
includes use of pipes or tubes 41 of a well known kind having apertures or slots
42 to permit passage of water through the wall of the tube 41. A layer of

screenings 43 is provided above, at each side, and below of each tube 41. In a
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layers according to the invention.
The soil based material described above can be produced off-site, or on-
20 site, according to requirements. In the former case, any appropriate method
may be used to transport the material to the relevant site and to deposit the mix
at that site.
The fibres 5 in the surface layer 1 have several benefits. The fibres 5
strengthen the layer and thereby reduce deterioration due to impact and other
25 loading. The fibres 5 also improve the sustainability of the grass by minimising
root shear and promoting regeneration of the grass after damage however
caused.
When used in the intermediate layer 2, the fibres 5 strengthen the layer 2
and also have a stabilising influence on the resilient particles 20 such that
30 migration of those particles within the soil matrix 4 is prevented or minimised.
Eventual penetration of grass roots into the layer 2 has a similar stabilising
influence.
The resilient particles 20 in the intermediate layer 2 have the benefit of
providing the surface layer 1 with a “bounce-back” or cushioning characteristic.
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in any of a variety of applications. Each of the soil based |ayers 1 and 2

her ei nbef c¥fecapplisatiomedEash chthe aeil hasrlayefaingind hetaiabeferg desdibediat eri al
ot her 1 n°SDIARUREHM AR ofAE bR LEREN rirRFacthinbIOREARREH, 8ha 07
based 1#at esach cae berulietindepehdentiyveintheamtheriyn agmopriateccirpoasstances,. dAST er ent
to that descrjbed in relation to either, the surface, |ayer 1 or, the
| nt er medi SREVIoNHrstateshowp YRy 2anikaseddAtesal aecqrding: iCihe JAESHIONIBY o ¢ he
invention hag, JUBRRPSition different to that described in relation to either the surface
layer 1 or the intermediate layer 2 described above.
Soil based material according to the invention has numerous
20 applications. A soil based material as described above in relation to the surface
layer 1 has a high degree of stability and can be beneficially used in locations,
such as paddock gateways, that are subjected to a relatively high incidence of
traffic and/or high loading. Other agricultural uses include farm tracks, animal
holding yards, calving paddocks and animal drinking and feeding areas, for
25 example. The soil based material could be used to stabilize road and other
carriageway surfaces, and could be usefully applied around watering facilities
such as dams and troughs that are subjected to heavy use. Other applications
are clearly available. The foregoing applies whether or not the soil based
material provides a growing medium for grass, or other vegetation.
30 The above comments also apply to the soil based material described of
in relation to the intermediate layer 2. That mix however, has particular benefit
in circumstances requiring a surface that is substantially self-restoring in that
depressions caused by scattered impact loading tend to reduce, or substantially

disappear, due to the natural resilience or “bounce-back” quality of the mix.
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20 The surface pattern can be restored to its maximum effectiveness by occasional
re-application of the patterned roller, for example. The frequency of such
maintenance treatment may of course vary according to circumstanceé.

Figure 12 illustrates, in diagrammatic form, one particular method of
producing the embossed pattern referred to above. In the example shown, a

25 series of closely packed wheels 45 is arranged for rotation about an axis 46.
Each wheel 45 has a rubber tyre 47 having treads 48 arranged substantially as
shown by Figure 12. A feature of the treads 48 as shown is their angular
disposition and the presence of an overlap at their inner ends 49. It will be
appreciated that other iread arrangements could be employed. The tyres 47

30 are preferably inflated to a relatively high pressure, and may be connected to a
carriage (not shown) that has a weight such as to ensure that the tyre treads 48

penetrate into the surface of the soil layer to create the embossed pattern.
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ridges of the pattern. A surface having a pattern as descri bed above has
t he furthesudaoamaige or to minimise wind erosion of the ridges of the pattemn.

A surface having a pattern as described above has the further advantage

20 of reducing impact stress on the legs of horses, for example, running over that
surface. That is, the ridges of the pattern tend to collapse beneath the horses
hooves so as to absorb some of the impact load.

The space between adjacent wheels 45 could be less than or greater
than that indicated by Figure 12. In the case of a multi-series arrangement as

25 illustrated by Figure 13 however, it is preferred that the space 50 between
adjacent wheels 45 is less than the width of the tyres 47. That is because in
such a multi-series arrangement it is preferred to overlap the wheels 42 as
shown in Figure 13 so as to ensure maximum application of the embossed
pattern.

30 Figures 14 to 18 illustrate a preferred embodiment of the invention in
diagrammatic form. Referring firstly to Figure 14 there is illustrated a prime
mover 100 is operative to pull an assembly 101 over the ground. The prime
mover 100 and the assembly 101 are joined through a connection 102, which
may or may not be releasable.
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shaft. Eachpatariiimy ié@tasié shaft 112 and a drive motor 113 connected to the shaft
112 and being operable to cause rotation of the shaft. Each of a number of
elements 114 is connected to the shaft 112 to rotate therewith, and the

20 arrangement is such that rotation of the elements 114 induces air to flow in the
direction as described above. Other arrangements could be adopted.

The storage means 103 has an exit opening 115 that can be selectively
opened and closed through operation of an appropriate valve 116 for example.
When the valve 116 is open and the shaft 112 is rotating, the induced air flow

25 draw fibres from the storage means 103 and causes a stream of those fibres to
flow through a manifold 117 and from there into the mixing chamber 106. As
shown diagrammatically by Figure 101, the manifold 117 may have a number of
entrance ports 118, and it may have the same or a different number of exit ports
119.

30 In the particular afrangement shown, each of the elements 114 is formed
by a length of metal chain. The rotating chains impact on the fibres flowing
upwardly through the chamber 111. Such impact tends to induce ‘an
electrostatic charge in the fibres, and that has the consequence of encouraging

individual fibres to separate from one another.
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ground surface 122, they function to lift soil from below the surface 122 and
cause that soil to flow upwards into the mixing chamber 106 as indicated by the
20 arrow B (Figure 14). In that regard, it is relevant that the mixing chamber 106
as shown is open, or substantially open, at its lower side adjacent the ground.
Fibres entering the mixing chamber 106 from the manifold 117 collide with the
upwardly flowing soil and tend to mix with the soil. The resulting soil/fibre mix is
represented by the arrow C in Figure 14. As shown, the soil/fibre mix is induced
25 to flow downwardly on to the ground surface 122 at a location rearward relative
to the ground engagement means 107. The arrangement is such that the
rotating discs 120 cause the downwardly flowing soil/fibre mix to mix with loose
soil at and below the surface 122.
The flow of soil, fibre, and soil fibre mix, within the mixing chamber 106
30 can be controlled in any suitable manner. In the arrangement shown a flexible
skirt 125 depends from the lower edge of the chamber 106 and engages the
ground surface 122. Escape of air from the chamber 106 is thereby prevented,
or at least hindered. Conirol means (not shown) may be provided to enable

adjustment of the skirt 125 in a manner such as to increase or reduce the
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17 shown in Figure 3.

The storage means 103 can be divided into a number of separate
20 compartments 130, 131 and 132 (Figure 17), by way of example only. The
number of compartments may vary according to requirements. In the example
shown, the compartment 131 might be used to store fibres, the compartment
130 might be used to store particles of resilient material, and the compartment
132 might be used to store fertiliser. Accordingly a reference hereinbefore to a
25 soil/fibre mix or to fibres may vary according to the content of the storage
means 103 or a compartment 130, 131, 132 of the storage means. Other
arrangements are clearly possible. The exit opening 115 of each compartment
130, 131 and 132 can be controlled by a valve 116 as previously described.
Each of those valves 116 could be connected to metering means 133 operable

30 to control the ratio of materials fed through the metering means 133.

Figures 19 and 20 illustrate an alternate preferred embodiment of the
apparatus according to the invention where same reference as used
hereinbefore refer to like elements. The prime mover 100 illustrated in Figure 20
pulls the mixing chamber 106 over the ground, while the storage means 103,



The roller 129 at the back of the assenbly 101 corresponds to the roller
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Fibres or particles supplied to the separation means 105 are treated in
accordance with the previous preferred embodiment illustrated in Figures 14 to
20 18 with the exception that progression of fibres or particles through the chamber
111 is assisted by a blower 228. The fibres or particles are supplied to supply
conduits 229 linking the separation means 105 with the mixing chamber 106.
The illustrated embodiment in Figure 20 has the motor 113 rotating the
shaft 112, and through a gear box 230, rotating the shaft 225 of the feed auger
25 221, Clearly other drive arrangements are possible.
Whilst Figure 20 does not illustrate a corresponding storage means, it is
envisages that storage hoppers could be positioned above the agitator 220.
Various alterations, modifications and/or additions may be introduced
into the constructions and arrangements of parts previously described without
30 departing from the spirit or ambit of the invention as defined by the appended

claims.



the rate of supply. The direction of rotation of the shaft 225 is al so
adjustable to feed in one direction and unfeed or unblock in the opposite
di recti orwWOMBlo#@89 or particles supplied to the separati onPEENH2A089 ar e

treated in accordance with the previous preferred enbodi nent illustrated
in Figures 14 to 20 18 with the excep on that progression of fibres or
particles m the chanber 111 is assisted by a blower 228. The fibres
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mat ri x and fibyed respectiveélpr es scattered throughout said matrix. 2. A soil

based materjal according .to clajml, wherein sajd fibres are a 5 mxture
of rono-1§ thas andol PRoE Iateyal Fredraieo bRl ekl Sadtiitle el Fhi g
to claym 2”thél"{i%gﬂ Bhdtri® MdudBsd 46 © I@bgfdrﬁé 8P saidflxfeofFwess. antial Iy even
anounts of said nono-fibres and said fibrillated fibres respectively. 4. A
soi | based Grat erA abil hased dnaigrinbactaringsto elaisn &, whesein eadh eubietmetredf 10

t he soil rix.include to 6 kil f ' e f fi . 5. A
soi | Sblaseg%'ﬁlls)épz (:t”gé'&‘ilr'%?%ﬁp?r(?xh%%hﬁ% @Rgf%hﬁo %'ﬁiur%ﬁ%?r@ qgﬁrgss'of t he
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6. A soil based material according to claiml1l, wherein said fibres are

mono- fi br dibreainandeactc ebbis matre obfsaitispilssiatrxnglusies mnpiexmately 17
Secor dilflg gRmRPLedd PSS m Wherein bi odegradabl e fibres. in
addi tion t oy sai g\ sydit edded matesial avcerdingt ter®ay preceding claim, wherein
biodegradable fibres, in addition to said synthetic fibres, are scattered
throughout said soil matrix.
8. A soil based material according to any preceding claim, wherein at least
20 some of said fibres have a length in the range 15 millimetres to 20 millimetres
inclusive.
9. A soil based material according to any preceding claim, including at least
one additive dispersed throughout the matrix.
10. A soil based material according to claim 9, wherein said additive
25 comprises or includes an organic material fertiliser or wetting agent.
11. A soil based material according to claim 9, wherein said additive
comprises or includes particles of resilient material scattered throughout the soil
matrix.
12. A soil based material according to claim 11, wherein said particles are
30 approximately 3 millimetres thick, approximately 25 millimetres long, and
approximately 20 millimetres wide.
13. A soil based material according to claim 11 or 12, wherein said particles
are formed of polyethylene.



t hroughout said soil matrix. 8 A soil based material according to any
preceding claim wherein at |east 20 sone of said fibres have a length in
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claim9, wherein said additive 25 conprises or includes an organic
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claim1l or 12 whergjn sai rticles are fornmed of polyethylene. WO
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A met hod according to claim15, wherein said separation js effected
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are simultaneously mixed with said soil matrix.
20. A method of producing a soil based material including the steps of,
moving a mixing chamber over the surface of a body of soil, causing soil to be
lifted from said surface to flow upwards into said chamber, directing a stream of

20 fibres into said chamber so as to mix with said upward flow of soil, directing said
soil/fibre mixture to flow downwards within said chamber towards said body of
soil at a position rearwards of said upward flow of soil relative to the direction of
travel of said chamber, and mixing said soil/fibre mixture within said body of
soil.

25 21. A method according to claim 20, wherein said fibres are caused to
separate prior to being deposited on said body of soil.
22. A method according to claim 21, wherein said separation occurs before
said fibres enter said mixing chamber.
23. A method according to claim 21 or 22, wherein said separation is

30 effected by inducing an electrostatic charge in said fibres.
24. A method according to any one of claims 20 to 23, wherein an additive is
introduced into said stream of fibres to mix therewith before said stream enters
said mixing chamber.



nmovi ng a m xi ng chanber over the surface of a body of soil, causing soil to

be lifted fromsaid surface to flow upwards into said chanber, directing a
st ream ofwl@3Mi#dipes i nto said chanmber so as to mx wth s&cCa/Alpaara9fl ow of
soil, directing said soil/fibre mxture to fl ow downwards within said

chanmber towards said body of soil at g position rearwards of said upward
flow of soil relative to the direction of travel of said chanmber, and
m xi ng sai 85soi A méthedriageerdingritonclaira a4, ywrety saichi additive £OMISASt hod

bei ng. depol Rt & et igeinat s ek Saic iR BRaid Par IR 21
wher ein SaMhWUﬁWhWﬂ@WCdﬁs@ilbﬁﬂm Saidsaixthd cherabeent er said mxing
chanber. 23. A nethod according to claim?21 or 22, wherein said separation

is 30 eff86tedAngroupdssiriage dncluding & sfage layehanda sasondilayariundeslyings. A

"t odut eationbiats IR, S8 sirabelhill iubhe’d s infh witf sfiifess MBras® .,
enters saiéatferedrroUthoue said¥Rabd( 2H0100d RETHALIRYE i6EIRdInY 86il matrir hod

according to claim?24, wherein said additive conﬁii es particles of a
resilient Fwhi@elia fibramscatieredsiiraughaiidsesseil mat &iﬂhecﬁe@@narlay%m wi th
sai d upwar ' B | I Xy B soi s ace

i ncl udi ng gars‘t!??éf%agferfsg\i,égrt Wgén%hgl gé%%rﬁ%a m@ggﬁgnder I ?/?Iﬁg‘at'@( ? Fr’1e sur%%;{:dce

| ayer, saithygurface layer including a soil matrix and synthetic fibres

scattered throughout said matrix, and, said second | ayer .includi a soil
ot G SRR hel Srunet surrasacepiinG it SIRIRLEE. Mheral saitat e Ryen B
second | ay ' : b @l hr oughout t he
soil matri ?(6 rg}é{{'ﬁfeaEgggﬁﬁé&ﬁé&%péﬁfgbﬁﬁé'&Hgtpgljﬂn stur Q{Cfé 26(310%} ding to

clai m 26, ®@Ber eidngmaind suxfdcacacdoaging to slaimd26rod 23] whersin Isalshsanpnadayei al

ol ai m 26-ofS BMMeskara vl Gaer Dt aPagiing Ao IEr o2 soi | based
one.of ¢l Ao 2 B g o O e orean s ket woen
sai d stBf asecony iayesislinterpased bejween said surigesdayerand abesadaysrdi ng t o
claim29, wgerelp 3t Wifcha¥Sorifiy W20 WRABM 8hicr38E JafamRos! t e
Composed of sand or a sand composite.
31. Apparatus for forming a soil based material according to any one of
claims 1 to 18, said apparatus including a delivery system through which a
20 stream of said fibres is moved, separation means promoting separation of
individual fibres in said stream, and mixing means operative to mix said fibres
within a body of soil that forms said soil matrix.
32. Apparatus according to claim 31, wherein said separation means induces
an electrostatic charge in said fibres. |
25 33. Apparatus according to claim 31 or 32, including storage means in which
said stream of fibres is deposited downstream from said separation means, and
from which fibres are extracted for delivery to said mixing means.
34. Apparatus according to claim 31 or 32, wherein said mixing means
includes a mixing chamber for receiving said stream of fibres downstream from
30 said separation means, and soil engaging means operative to lift soil from a
body of soil beneath said mixing chamber and cause the lifted soil to mix with
said fibres within said mixing chamber, and said mixing chamber includes flow
directing means that directs the soil/fibre mix to flow downwards onto said body

of soil.
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compartments.
40. Apparatus according to claim 39, wherein said metering means is

20 adjustable to vary said ratio.

41.  Apparatus according to claim 34 including a feed auger being operable to
supply said fibres and particles to the separation means, the feed auger being
rotatable about an axis, the speed of rotation being adjustable to adjust the rate
of supply of fibres and particles to the separation means.

25 42. Apparatus according to claim 40 including storage means for containing
a body of said fibres or said particles and agitation means for agitating said
fibres or said particles to move towards the feed auger.

43.  Apparatus according to claim 40 or 41 including flow inducing means for
inducing fibres or particles to exit the separation means.

30 44. Apparatus according to claim 42, wherein the flow inducing means is an
impeller located between the separation means and mixing chamber.

45.  Apparatus according to any one of claims 34 to 44, wherein said mixing

chamber is movable across said body of soil. -
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Appar at us agcor Apparates cdozonding; td ctdimdidBg whersin e iprgmeremoyingomeansvi ng
the assenbly relative to the body of  soi 48. ar.at accordi to claim
47, whid ei nrqvni@spcﬁrwe»errmwggr ‘E\? rakon @ B‘fr%ﬁ@gfﬁﬁfﬁﬁ#ﬁ%‘eaﬁﬁﬂbry. 49,
Appar at us cor @AYy ' : ] ' j

o vt desdSDve ApBAraths 61 PISCeBing BEKCIoA Qe LI OB ot .
50. Appar apresietenmipedsézesinolpding:k f oaned material to produce particles of

Sl cing di scs bé: FIgperasRaneBdiny o BLEATRI HiehEisgr: Srn ferebl Bs. 15
a mul chi ngppRRS thé SLNCinBtLral mtgrsﬁﬁg;y of nul ching discs being operable to
process the sliced material into particles of predeterm ned size; and

15 a mulching means including a plurality of mulching discs being operable
to process the sliced material into particles of predetermined size; and

a sieve defining at least in part a mulching zone within which the
mulching discs operate, the sieve permitting material of a predetermined size to
pass therethrough.

20 51. Apparatus according to claim 50, wherein the slicer discs are located on
opposing shafts, the shafts being rotatable in opposite directions.

52.  Apparatus according to claim 51, wherein the speed of rotation of each
shaft is adjustable so as to adjust a speed at which sliced material is discharged
from the slicing means.

25 53. Apparatus according to claim 51 or 52, wherein each slicing disc on each
shaft is separated by a boss of substantially similar thickness, the opposing
shafts being positioned such that the slicing discs on opposing shafts interleave
and overlap.

54.  Apparatus according to any one of the preceding claims, wherein each

30 muiching disc on each shaft is separated by a boss of substantially similar
thickness to the mulching disc, the opposing shafts being positioned such that
each mulching disc on opposing shaft interleaves.

55.  Apparatus according to any one of the preceding claims, wherein each
mulching disc includes a tooth which is negatively raked to facilitate mulching of
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the slicer discs are |ocated on opposing shafts, the shafts being
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wherein the speed of rotation of each shaft is adjustable so as to adjust
a speed at thehstrippedimatériahbadimovernenl ofctherrgaterial from aliewel position withirs. 25
53. Apparatus accaording to claim51 or 52, wherei.n each slicing disc on
each shaf the mulching 598%t%@”&’ﬂﬂ%§°§ﬁ'°§d5§|?%m‘4'§1'99ZQPﬁi | ar thickness, the
opposi ng af t | J b di h I G j : i ng
shafts int g’rBI ea\?‘g?) %‘raér’]’tgs(%%ro f’%ﬁ.aq§4a5§$€§f g\{huetsr&g'c@%r%?ér%j t8 g§§%§}8§rée} of the
precedi ng shaftisapploximaieleand haliQo wnechird gpded of ootatias lof #eabther shaftpar at ed
by a boss of substantially simlar thickness to the nmulching disc, the
opposi r@ shafts being positioned such that each mul ching disc on opposing
shaft interl eaves. 55. Apparatus according to any one of the preceding
clainms, wherein each nmulching disc includes a tooth which is negatively
raked to facilitate nmul ching of WO 03/046109 PCT/ AU02/ 01609 29 the
stripped material and novenent of the material froma |lower position within
the nmul ching zone to an upper position in the mulching zone. 56. Apparatus
according to claimb54, wherein the speed of rotation of one shaft is
approximately one half to one third speed of rotation of the other shaft.
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